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[0001] The invention relates to thermoplastic polyetherimide resin compositions that exhibit flame retardant proper- 
ties. 

[0002] Polyetherimide resins exhibit certain physical properties, such as, for example, high strength at elevated tem- 
perature, that make them appropriate for use in high temperature applications. Certain applications, such as aircraft 
cabin interior components, require flame retardant properties in addition to resistance to elevated temperatures 
[0003] Flame resistant polymer blends that contain a polyetherimide resin, a polycarbonate resin and a siloxane 
polyetherimide copolymer are disclosed in coassigned U.S. Patent Number 5.051,483. 

[0004] While the polymer blends disclosed in the '483 patent were found'to meet the flammability requirements 
applicable to aircraft interior components, polyetherimide resin compositions that provide improved flame retardant 
properties or that provide improved flame retardant properties at reduced cost are desired. 
[0005] The present invention is directed to a thermoplastic resin composition comprising: 

1S (a) a polyetherimide resin; 

(b) an aromatic polycarbonate resin; and 

(c) an amount ol a f unctionalized polysiloxane polymer that is effective to improve the flame retarding properties 
of the thermoplastic resin composition, 

[0006] The thermoplastic resin composilion of the present invention exhibits high strength at elevated temperatures 
good impact resistance and improved flame retardant properties. 

DETAILED DESCRIPTION OF THE INVENTION 

[0007] In a prof erred embodiment, the thermoplastic resin composition comprises, based on 100 pbw of the combined 
polyetherimide resin and aromatic polycarbonate resin, from 60 to 90 pbw, more preferably from 70 to B0 pbw of the 
polyetherimide resin, from 10 to 40 pbw, more preferably from 20 to 30 pbw of the aromatic polycarbonate resin and 
from 0.1 to 4 pbw, more preferably from 0.2 to 1 pbw, of the f unctionalized polysiloxane polymer. 
[0008] In a preferred embodiment, the thermoplastic resin composition consists essentially of the polyetherimide 
resin, the aromatic polycarbonate resin and the functionated polysiloxane polymer 

[0009] Polyetherimide resins suitable for use as the polyetherimide resin component of the thermoplastic resin of 
the composition of the present invention are known compounds whose preparation and properties have been described 
see generally, U.S. Patent Nos. 3,803,085 and 3,905,942. the respective disclosures of which are incorporated herein 
by reference. 

[001 0] In a preferred embodiment, the polyetherimide resin component of the present invention contains from greater 
than 1 to 1000 or more, preferably from 10 to 1000, structural units of the formula (I): 
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(I) 
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wherein the divalent T moiety bridges the 3,3', 3.4 1 , 4.3'. or 4,4" positions of the aryl rings of the respective atyl imide 
moieties ol formula (I); T is -O- or a group ol the formula -O-Z-O- ; Z is a divalent radical selected from the qrouo 
consisting of formulae (II): 
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HjC BrBr CH 3 
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wherein X is a member selected from the group consisting of divalent radicals of the formulae 



(HI): 
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wherein y is an integer from 1 to about 5, and q is 0 or 1 ; R is a divalent organic radical selected from the group 
cons.st.ng of: (a) aromatic hydrocarbon radicals having from 6 to about 20 carbon atoms and halogenated derivatives 
thereof, (b) alkylene radicals having from 2 to about 20 carbon atoms, (c) cycloalkylene radicals having from 3 to about 
20 carbon atoms, and (d) divalent radicals of the general formula (IV): 
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(IV) 



where Q is a member selected from the group consisting of formulae (V): 
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where y' is an integer from about 1 to about 5. 

[0011] In one embodiment, the polyethermide resin may be a copolymer which, in addition to the etherimide units 
described above, further contains polyimide repeating units of the formula (VI): 
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20 wherein R is as previously defined lor (ormula (I) and M is selected Irom Ihe group consisling of formula 



(VII): 



(VII) 




30 formula (VIII): 
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and formula (IX): 
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(IX) 
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[0012] Polyelherimide resins are made by known methods, such as. for example, those disclosed in U S Patent 
Nos. 3,847,867, 3,814,869, 3,850,685, 3,852,242 3,855,178 and 3,983,093, the disclosures of which are hereby in- 
corporated herein by reference. 

[0013] In a preferred embodiment, the polyelherimide resin is made by the reaction of an aromatic bis(ether anhy- 
dride) of the formula (X): 7 



ss 
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with an organic diamine of the formula (XI): 



(XI) H 2 N-R-NH 2 

wherein T and R are defined as described above in formula (I). In general the reactions can be carried out employing 
well-known solvents, for example, o-dichlorobenzene, m-cresolrtoluene and the like to effect interaction between the 
anhydride of formula (X) and the diamine of formula (XI), at temperatures from about 100°C to about 250°C. Alterna- 
tively, the polyethermide resin can be prepared by melt polymerization of aromatic bis(ether anhydride)s and diamines 
accomplished by heating a mixture of the ingredients at elevated temperatures with concurrent stirring. Generally melt 
polymerizations employ temperatures between about 200°C and 400°C. Chain stoppers and branching agents may 
also be employed in the reaction. 

[0014] Examples of specific aromatic bis(elher anhydrides) and organic diamines are disclosed, for example in U 
S. Patent Nos. 3,972,902 and 4,455,410, which are incorporated by reference herein. 

[0015] Illustrative oxamplcs of aromatic bis(cthcr anhydrido)s of formula (X) include: 2,2-bis(4-(3,4-dicarboxyphc- 
noxy)phenyl)propane dianhydride; 4,4'-bis(3,4-dicarboxyphenoxy)diphenyl ether dianhydride; 4,4'-bis(3.4-dicarboxy- 
phenoxy)diphenyl sulfide dianhydride; 4,4 , -bis(3.4-dicarboxyphenoxy)benzophenone dianhydride; 4,4'-bis(3,4-dicar- 
boxyphenoxy)diphenyl sulfone dianhydride; 2,2-bis([4-(2,3<licarboxyphenoxy)phenyl]propane dianhydride;' 4,4'-bis 
(2,3-dicarboxyphenoxy)diphenyl ether dianhydride: 4,4'-bis(2,3-dicarboxyphenoxy)diphenyl sulfide dianhydride' 4 4'- 
bis(2,3-dicarboxyphenoxy)ben7ophenone dianhydride; 4,4^bis(2,3<jicarboxyphenoxy)diphenyl sulfone dianhydride- 
4-(2.3-dicarboxyphenoxy)-4 t -3,4-dicarboxyphenoxy)diphenyl-2,2-propane dianhydride; 4-(2,3-dicarboxyphenoxyK- 
<3,4-dicarboxyphenoxy)diphenyl ether dianhydride; 4-(2,3-dicarboxyphenoxy)-4'-(3 l 4-dicarboxyphenoxy)diphenyl 
sulfide dianhydride; 4-(2.3-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy)benzophenonedianhydride and 4-(2,3-dicar- 
boxyphenoxy)-4'-(3,4-dicarboxyphenoxy)diphenyl sulfone dianhydride. as well as various mixtures thereof 
[0016] A preferred class of aromatic bis(ether anhydrides included by formula (X) above includes compounds where- 
in T is of the formula (XII): 



5 

(X) 



40 



— o 



(XII) 




o— 



■45 



wherein each Y is independently selected Irom the group consisting ot: lormulae (XIII): 
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[001 7] When polyetherimide/ polyimide copolymers are employed, a dianhydride, such as pyromellitic anhydride is 
used in combination with the bis(ether anhydride). 

[001 8] The bis(ether anhydride)s can be prepared by (he hydrolysis, followed by dehydration, of ihe reaction product 
of a nilro substituted phenyl dinitrile with a metal salt of dihydric phenol compound in the presence of a dipolar aprotic 
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solvent. 

[0019] Suitable organic diamines of formula (XI) include, for example: m-phenylenediamine; p-phenylenediamine; 
4.4'-diaminodiphenyIpropane. 4.4 , -diaminodiphenylnnethane (commonly named 4.4 , -melhylenedianiline); 4,4'-diamin- 
odiphenyl sullide: 4,4'-diaminodiphenyl sulfone; 4,4'-diaminodiphenyl ether (commonly named 4.4'^xydianiline); 
1,5-diaminonaphlhalene; 3.3-dimethylbenzidine; 3,3-dimethoxybenzidine; 2,4-bis(beta-amino-t-butyl)toluene; bis(p- 
beta-amino-l-butylphenyl)ether; bis(p-beta-methyl-o-aminophenyl)benzene; 1 ,3-dianfino-4-isopropylbenzene; 1 ,2-bis 
(3-aminopropoxy)ethane; benzidine; m-xylylenediamine; 2,4-diaminotoluene; 2,6-diaminotoluene; bis(4-aminocy- 
clohexy!)methane; 3-melhylheptamethylenediamine; 4,4-dimethylheptamethylenediamine; 2,11 -dodecanediamine; 
2,2-dimethylpropylenediamine; 1,1S-octamethylenediamine; 3-methoxyhexamethylenediamine; 2,5-dimethylhexame- 
thylenediamine: 2. 5-dimethy Iheptamethylenediamine; 3-methylheptamethylenediamine; 5-methy Inonamethylenedi- 
amine; 1 -4-cyclohexanediamine; 1.18-octadecanediamine; bis(3-aminopropyl)suifide; N-methyl-bis(3-aminopropyl) 
amine; hexamethylenediamine; heptamethylenadiamine: nonamethylenediamine; decamethylenediamine and mix- 
tures of such diamines. 

[0020] Illustrative of a particularly preferred polyethermide resin falling within the scope of formula (I) is one com- 
prising repeating units wherein R is paraphenylene, metapheny lene, or mixtures of paraphenylene and rnetaphenylene 
and T is a group ol the formula -O-Z-O- wherein Z has the formula (XIV): 
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and wherein the divalent group (XIV) bridges the 3,3' positions of the aryl rings of the respective aryl imide moieties 
of formula (I). 

[0021] Generally, useful polyetherimide resins have an intrinsic viscosity [t|] greater than about 0.2 deciliters per 
gram, preferably of from about 0.35 to about 0.7 deciliters per gram measured in m*cresol at 25°C. 
[0022] In a preferred embodiment, the polyelherimide resin of the present invention resin has a weight average 
molecular weight of from about 10.000 to about 150,000 grams per mole ("g/mor), as measured by gel permeation 
chromatography, using a polystyrene standard. 

[0023] Aromatic polycarbonate resins suitable for use as the aromatic polycarbonate resins component of the ther- 
moplastic resin composition of the present invention are known compounds whose preparation and properties have 
been described, see, generally. U.S. Patent Nos£ai69,121, 4,487,896fend 5,411,999, the respective disclosures of 

which are each incorporated herein by reference: : ™ -* 

[0024] Aromatic polycarbonate resins are, in general, made by reacting a dihydric phenol with a carbonate precursor 
[0025] Suitable dihydric phenols include, for example, one or more of 2.2-bis-(4-hydroxyphenyl) propane ("bisphenol 
A"). 2,2-bis(3.5-dimethyl-4-hydroxyphenyl)propane, bis(4-hydroxyphenyl)methane t 4,4-bis(4-hydroxyphenyl)heptane, 
SS.S'.S'-tetrachloro^^'-dihydroxyphenyOpropane, 2.6-dihydroxy naphthalene, hydroquinone, 2,4'Hdihydroxyphenyl 
sulfone. In a highly preferred embodiment, the dihydric phenol is 2,2-bis-(4-hydroxyphenyl)propane. 
[0026] The carbonate precursor is one or more of a carbonyl halide, a carbonate ester or a haloformate. Suitable 
carbonyl halides include, for example, carbonyl bromide and carbonyl chlorid e^Suitable carbonate esters include, su ch^i 
as for example, diphenyl carbonate, dichlorophenyl carbonate, dinaphthyl carbonate, phenyl tolyl carbonate and ditolyl 
carbonate. Suitable haloformates include tor example, bishaloformates of a dihydric phenols, such as, for example, 
hydroquinone, or glycols, such as, for example, ethylene glycol, neopentyl glycol. In a highly preferred embodiment! 
the carbonate precursor is carbonyl chloride. 

[0027] Suitable aromatic polycarbonate resins include linear aromatic polycarbonate resins, branched aromatic poly- 
carbonate resins. Suitable linear aromatic polycarbonates resins include, for example, bisphenol A polycarbonate resin. 
Suitable branched polycarbonates are known and are made by reacting a polyfunctional aromatic compound with a 
dihydric phenol and a carbonate precursor to form a branched polymer, see generally, U. S. Patent Nos. 3.544.514, 
3,635.895 and 4,001 , 1 64, the respective disclosures of which are incorporated herein by reference. The polyfunctional 
compounds arc generally aromatic and contain at least three functional groups which arc carboxyl, carboxylic anhy- 
drides, phenols, haloformates or mixtures thereof, such as. for example, 1.1,1-tri(4-hydroxyphenyl)ethane, 1,3,5,-tri- 
hydroxy-benzene, trimellilic anhydride, trimellitic acid, trimellityl trichloride, 4-chloroformyl phthalic anhydride' pyrom- 
ellitic acid, pyromellitic dianhydride, mellitic acid, mellitic anhydride, trimesic acid, benzophenonetetracarboxylic acid, 
benzophenone-telracarboxylic dianhydride. The preferred polyfunctional aromatic compounds are 1.1,1-tri(4-hydrox- 
yphenyl)ethane. trimellilic anhydride or trimellitic acid or their halofonnate derivatives. 
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[0028] The preferred polycarbonates for use in the present invention are those derived from bisphenol A and phos- 
gene and, in general, have an intrinsic viscosity of about 0.3 to about 1.5 deciliters per gram in methylene chloride at 
25°C. In a preferred embodiment, the weight average molecular weight of the polycarbonate resin is at least about 
30,000 g/mol f as determined by gel permeation chromatography relative to polystyrene, more preferably from about 
35,000 to about 40,000 g/ mol. 

[0029] Functionalized polysiloxane polymers suitable for use as the f unctionalized polysiloxane polymer component 
of the composition of the present invention are functionalized linear or branched polysiloxane polymers that contain 
one or more functional groups per molecule. Suitable functional groups include, for example, H, (C^C^alkenyl, (C 2 - 
C^Jalkynyl, (C 1 -C 20 )alkoxyl, amino, aminoalkyl amidoand epoxy. In a preferred embodiment the polysiloxane polymer 
has a weight average molecular weight of greater than about 1,500 g/mol. Suitable f unctionalized polysiloxane fluids 
are known compounds that are made by known methods and are commercially available from a number of sources. 
[0030] In a preferred embodiment, the f unctionalized polysiloxane polymer comprises a f unctionalized linear polysi- 
loxane polymer according to structural formula (XVII): 

Rl R4 R6 R ft 

I i I | 

R2— Si-O — (Si— O) — (SHO) —Si— R 9 

I I a | b | 

R 5 Rs R 7 



wherein: 
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R,, R 2 . R 3 , R 4 , R 5 , Rg, R 7 , R 8 , R 9 and R 10 arc each independently (C r C2o)alkyl, or a functional group soloctod 
from H, (C 2 -C 20 )alkenyl, (C 2 -C 20 )alkynyl, (Cj-C^Jalkoxyl, amino, aminoalkyl amido and epoxy, provided that at 
least one of R,, R 2 , R 3 , R 4 , R 5 , Rg, R 7 , R fii R g and R 10 is a functional groups sothatthe f unctionalized polysiloxane 
polymer contains one or more functional group per molecule, and 

a and b are integers selected such the functionalized linear polysiloxane polymer exhibits a weight average mo- 
lecular weight of from about 1 .500 to about 30.000 gf mol. 

[0031J In a preferred embodiment, the functional group is selected from H, amino, aminoalkyl and epoxy. 
[0032] In a highly preferred embodiment, R 5 is H. R lf R 2 . R 3: R 4 , R 8 , R e and R 10 are each independently (O^C^) 
alkyl, more preferably methyl, b is 0 and a is elected selected such the functionalized linear polysiloxane polymer 
exhibits a weight average molecular weight from about 1 ,500 to about 30,000 g/ mol, more preferably from about 3 000 
to about 12,000 g/rnoL 

[0033] The thermoplastic resin composition of the present invention may, optionally, also contain various additives 
which are known in the art, such as antioxidants, fillers and reinforcing agents, such as. for example, silicates, Ti0 2 
glass libers, carbon black, graphite, talc, mica and other additives such as, for example, UV absorbers, light stabilizers, 
lubricants, plasticizers. pigments, dyes, colorants and anti-static agents, as well as additional flame retardant additives,' 
including siloxane-polyetherimide copolymers. 

[0034] The preparation of the compositions of the present invention is normally achieved by combining the compo- 
nents under conditions suitable for the formation of a blend of the components. Suitable conditions include, for example 
soluhon blending or melt mixing in single or twin screw type extruders, mixing bowl, or similar mixing devices which 
can apply a shear to the components. Twin screw extruders are often preferred due to their more intensive mixing 
capability over single screw extruders. It is often advantageous to apply a vacuum to the melt through at least one vent 
port in the extruder to remove volatile impurities in the composition. 

[0035] The composition of Ihe present invention can be molded into useful shaped articles, such as aircraft interior 
components such as, for example, wall panels, overhead storage lockers, serving trays and seat backs, by a variety 
of means such as, for example, injection molding or extrusion. 

Examples 1-3 and Comparative Examples C1 and C2 

[0036] The thermoplastic resin compositions of Examples 1 -3 of the present invention and Comparative Examples 
CI and C2 were each made by combining the components described below in the relative amounts (each expressed 
in pbw. based on 100 pbw of the respective thermoplastic resin composition) sel forth in TABLE I. The components 
used in the thermoplastic resin compositions were as follows: 
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PEI: Polyetherimide resin made by condensation of 2,2-bisI4-(3,4^icarboxyphenoxy)phenyl]propane dianhy- 
dnde with metaphenylene diamine and having a melt index of 0 9 g/min 

PC: !^^ a * * erived f rom ^snol A and phosgene and having weight average molecular weight 
or aoout 35,000 g/mole. 

PMHS: A trimathylsilyloxy-terminated polyfmethyl hydrogen siloxane) polymer having a weight average molecular 
weight of about 7,000 g/ mole. 

Si-PEI: Siloxane/polyetherimide copolymer made by condensation of 2.2-bis(2.3-dicarboxy phenoxy phenoflpro- 
on„ n , e ifn n n ^SS m * ™*P h ° n V le ™ diam ™ « aminopropyl-terminated D 10 polydimetoylsiloxane. 
contain ng 34 of structural units derived from the polydimethylsiloxane and having a molecular weight 

of about 60,000 g/ mole. 

1!°h 3 ,k « TeSt Sp ° c ; imen8 of the co ">Posilions of Comparative Examples CI and C2 and Examples 1-3 were molded 
Si^S^ y , Pr0P8 l eS ° f SPaCim8nS W8re meaSUred aCMrdin 9 to ,he P ra,ocols of F «deral Aviation Reg- 
h« , ] TT a ? 4 n™ 9 T 9,h t8S,in9 (88e FAR 25 853a Appendix F ' Part ')• ° hio State University ("OSU') 
heat re lease Resting (see FAR 25.853a Appendix F. Part V). National Bureau of Standards ("NSB") smoke chambe 
testing (see FAR 25.853a Appendix F, Part IV) and cnamoer 

ZTJnZ ?f t8S , ,in9 . ,he 8pecimens mol * d "w the compositions of Comparative Examples CI and 
P„ .n w „ P ^ be ', 0W h TABLE ' 38 2 minU,e and peak OSU heat release values, each expressed 

in kilowatts per square meter fkW/m*), FAR Ignition Ftameout. expressed in seconds ("FAR, IF («)•), FAR Burning 

S > TST ( * F n a BL (inn ' 15 minUle ' 4 0 minu,e and NBS «**■ *™J» pressed as 

spec f,c opucal density ( D s .-, s , D^ 0 . D 6 . ma /) and the time corresponding to maximum smoke density, expressed in 
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CExffCI 


CEx# C2 


Ex#1 


Ex#2 


Ex#3 


PEI 


70 


76 


79.8 


79 


78 


PC 


30 


20 


20 


20 


20 


Si-PEI 




4 








PMHS 






0.2 


1.0 


2.0 


Properties 












OSU. 2 min (kW/m 2 ) 


40 


30 


30 


28 


29 


OSU. Peak (kW/m 2 ) 


B0 


40 


52 


54 


60 


FAR. IF(s) 


3 


0 


1 


1 


0 


FAR, BL (in) 


3 


2 


2 


2 


2 


NBS. Dg., 5 




2 


1 


1 


1 


NBS. D 6 . 4 o 




37 


10 


11 


10 


NBS. D.-^ 




37±10 


10±1 


11±0 


10±4 


NBS - tOs-max- (min.) 




4 


4 


4 


4 



E JIT r mP ° Siti ,° nS °' ^ amp,es 1 - 2 and 3 ««* •*«*«» improved flame resistance, lhat is. reduced OSU 
Exempt c7 ' 9ni,i ° n " ame0U, " d Sh ° rter FAR bUmin9 ten9,h ' C ° mpared 10 ,hS C —«™ * 

[0040] The compositions of Examples 1, 2 and 3 each exhibit OSU heat release and FAR ignition flameoul and 

aZxhibT •? res ,? T ei,her c,osely approaoh or are e " uivalem to ,hose exhibited fa y c-SLSS,^ 

andexh,b rt ,mprov^ P erformanco,nthoNBSsrrx 5 kodonsitytostcom P arcdtothocom P ositLofcTm P 
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Claims 

1. A thermoplastic resin composition, comprising: 

(a) a polyetherimide resin; 

(b) an aromatic polycarbonate resin; and 
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(c) an amount of a f unctionalized polysiloxane polymer that is effective to improve the flame retarding properties 
of the thermoplastic resin composition. 

2. The composition of claim 1 , wherein the composition comprises, based on 1 00 pbwof the combined polyetherimide 
resin and aromatic polycarbonate resin, from 60 to 90 parts by weight of the polyetherimide resin from 10 to 40 
parts by weight of the aromatic polycarbonate resin and from 0. 1 to 4.0 parts by weight of the f unctionalized oolvsi- 
loxane pofymer. * K 7 

3. The composition of claim 2, wherein the composition comprises from 0. 2 to 1 .0 parts by weight of the f unctionalized 
polysiloxane polymer, based on 100 pbw of the combined polyetherimide resin and aromatic polycarbonate resin. 

4. The composition of claim 1 , wherein the polyetherimide resin comprises structural units of the formula (I): 



is 



20 



(I) 




\ — R — 



25 



wherein the divalent T moiety bridges the 3,3', 3,4', 4,3'. or 4,4' positions of the aryl rings of the respective aryl 
.m,de momties of formula (I); T is -O- or a group of the formula -O-Z-O- ; Z is a divalent radical selected from the 

group consisting of formulae (II); 
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and 



is 



20 




(II) 



X)q 




wherein X is a member selected from the group consisting of divalent radicals of the formulae (III): 



— CyH2y— 



O 
it 



(IH) 



-s- 

a 

o 



and 



— S— 



30 



wherein y is an integer from 1 to about 5, and q is 0 or 1; R is a divalent organic radical selected from the group 
consisting of: (a) aromatic hydrocarbon radicals having from 6 to about 20 carbon atoms and halogenated deriv- 
atives thereof, (b) alkylene radicals having from 2 to about 20 carbon atoms, (c) cycloalkylene radicals having from 
3 lo about 20 carbon atoms, and (d) divalent radicals of the general formula (IV): 



35 



(TV) 




where Q is a member selected from the group consisting of formulae (V): 
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(V) 



O 0 

o 



and 



where y* is an integer from about 1 to about 5. 

5. The composition or claim 1 , wherein the polyetherimide resin comprises the reaction product formed by melt po- 
lymerization of 2 f 2-bis[4-(3,4-dicarboxyphenoxy)phenyl]propane dianhydride with metaphenylene diamine. 

6. The composition of claim 1 , wherein the aromatic polycarbonate resins is made by reacting a dihydric phenol with 
a carbonate precursor selected from carbonyl halides, a carbonate esters, habformates and mixtures thereof. 

7. The composition of claim 1, wherein the functionalized polysiloxane polymer comprises a functionalized linear 
polysiloxane polymer according to structural formula: 
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Rl R4 R 8 

R2— Si—O — (Si— O)— (Si-O)— Si — R 9 
| I a | b j 

R3 Rs R7 Rio 



wherein: 



R, . Rj, R 3 , R 4 , R s , Rg, R 7 , R 5 , Rg and R l0 are each independently (C, -C 20 )alky(, or a functional group selected 
from H. {C 2 -C2o)alkenyl, (Cg^Jalkynyl, (C 1 -C 20 )alkoxyl, amino, aminoalkvl amidoand epoxy, provided that 
at least one of R,, R 2 . R 3 , R 4 , R 5 , R 6 , R 7 , R e , R 9 and R 10 is a functional group so that the functionalized 
polysiloxane polymer contains one or more functional groups per molecule, and 

a and b are integers selected such that the functionalized polysiloxane polymer exhibits a weight average 
molecular weight of from about 1 .500 to about 30,000 grams per mole. 

8. The composition of claim 7. wherein R 5 is H. R 1 , Rg, R 3 , R 4 , R € , Rg and R 10 are each independently (C r C2o)alkyl, 
b is 0 and a is elected selected such the polysiloxane polymer exhibits a weight average molecular weight of about 

20 i ,500 to aboul 30.000 g/ mol. 

9. The composition of claim 1 , wherein the functionalized polysiloxane comprises a trimethylsilyloxy-terminated poly 
(methyl hydrogen siloxane) polymer. 



10. The composition of claim 9 : wherein the functionalized polysiloxane polymer has a weight avoragc molecular 
weight of from about 3,000 to about 12,000 grams per mole. 
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